The crystal structure of rat transthyretin (rTTR) complex with 3,5,3¢,5¢-tetraiodothyroacetic acid (T4Ac) was determined at 1.8 Å resolution with low temperature synchrotron data collected at CHESS. The structure was refined to R = 0.207 and R free = 0.24 with the use of 8-1.8 Å data. The additional 8000 reflections from the incomplete 2.1-1.8 data shell, included in the refinement, reduced the R free index by 1.3%. Structure comparison with the model refined against the complete 8-2.1 Å data revealed no differences in the ligand orientation and the conformation of the polypeptide chain in the core regions. However, the high-resolution data included in the refinement improved the model in the flexible regions poorly defined with the lower resolution data. Also additional sixteen water molecules were found in the difference map calculated with the extended data. The structure revealed both forward and reverse binding of tetraiodothyroacetic acid in one binding site and two modes of forward ligand binding in the second site, with the phenolic iodine atoms occupying different sets of the halogen binding pockets.
lar receptors [1] . Relative binding data for thyroid hormones and their metabolites revealed that specific structural characterisics enhance optimal binding to these proteins [1] . Although T4 has the greatest binding affinity for TBG, it is the acid metabolites that exhibit the greatest binding to TTR. For example, the metabolite 3,5,3¢,5¢-tetraiodothyroacetic acid (T4Ac) has 2.8 times the affinity of T4 for TTR. In man, about 20% of T4 is transported as a TTR-T4 complex. The most important moieties of the ligands with high affinity to TTR are the carboxylic group and the iodinated phenolic ring [1] . The a-amino acids revealed affinity to TTR lower than their des-amino analogs (Fig. 1 ).
Transthyretin (TTR) is a homotetramer with molecular mass about 55-kDa (Fig. 2) . Each subunit is a 127 amino-acid b-barrel, consisting of eight b-strands arranged in two b-sheets and a short a-helix [3-10]. Monomers forming a horizontal dimer AB are connected by hydrogen bonds along strands H and F. The central channel of the tetramer contains two independent binding sites [3] , which differ in the ligand binding affinity. A negative cooperativity has been observed for the binding of T4 and other TTR ligands [7, 8, 11, 12] .
Each binding domain of the tetramer contains three pocket regions P1-P3 that are responsible for halogen binding [5, 6] . The inner-most P3 pockets are polar. The hydrophobic P2 pockets are in the middle section of the binding site. The outer-most P1 pockets are positioned near the charged Lys-15 and Glu-54 in the vicinity of the channel entrance.
Human TTR crystals have orthorhombic P2 1 2 1 2 symmetry [3] [4] [5] [6] [7] [8] . In the human TTR complexes, there is statistical disorder of the occupancy of the ligand that is a consequence of the twofold crystallographic symmetry of the channel not shared by the ligand molecules. On the other hand, rat TTR which shares 85% sequence homology with hTTR, forms tetragonal crystals that contain the complete tetramer in the asymmetric unit [9, 10] . The crystallographic symmetry axes are not coincident with the channel axis in the rTTR structures, which enables the recognition of the specific ligand-protein interactions that are not biased by the statistical disorder of the ligand [10] .
The aim of this research was to compare the influence of partial data on refinement by comparison of refinement statistics for complete data to 2.1 Å resolution with incomplete data to 1.8 Å resolution.
EXPERIMENTAL
Rat TTR was obtained from rat serum (Pel-Frez; Rogers, AZ) by affinity chromatog- revealed that effective resolution is 2.04 Å for reflections with F/s (F) > 3, although the experimental resolution limit was 1.8 Å. The intensity, completeness and R merge index in different resolution shells are presented in Table 1 .
Data analysis has shown that R merge increased to 0.104 for the 2.13-2.06 Å shell, and to 0.351 for the highest shell, whereas for all reflections it was only 0.048. The completeness of the highest 2.1-1.8 Å shell was only 42.9% (28% for 1.84-1.8 Å), whereas for the 2.13-2.06 Å shell and for all data it was 59% and 70.2%, respectively. The intensity of the reflections also decreased for the highest shell ( Table 1 ). An analysis performed in DATA-MAN revealed that the mean F/s (F) for reflections in the 2. 
RESULTS AND DISCUSSION
The main goal of this paper was to verify the importance of high resolution shells for positioning of both the ligand and the flexible fragments of the structure. The extension of the resolution range does not change the R value, but results in lowering the R free index value, indicating an improvement of the final model ( Table 2 ). These results suggest that addition of incomplete data with a higher R merge index and lower intensity of reflections could be useful to the final refinement. The position of the ligand does not change after the use of incomplete 2.1-1.8 Å resolution data, despite the extensive refinement with the simulated annealing protocol (Figs. 3, 4) . This indicates that the partial data are of good quality, no additional error has been introduced into the model and the ligand position was not affected. However, the ligand position was correctly defined by the lower resolution data alone. A further discussion of the ligand position will be carried out only for the final model (resolution 8-1.8 Å). The rms difference between the complex structures refined to 2.1 and to 1.8 Å, calculated with LSQMAN [23] for 432 Ca positions of residues 10-98 and 105-123, is only 0.073 Å. The shape and size of the channel remain unchanged. This result is confirmed by a multiple model Ramachandran plot (Fig. 5) . The largest differences were found for Gln-126 and Gly-701 positioned in flexible regions. An analysis of the c 1 and c 2 torsion angles revealed significant changes for amino acids of the flexible fragments at 880 T. Muzio³ and others 2001 the N-and C-termini, as well as loops 56-66 and 98-105 (Fig. 6) . The extension of the data resolution permitted 16 new water molecules to be found in the difference maps. A comparison of the solvent structure in both models revealed that 249 water molecules do not move by more than 0.7 Å, while the average shift is 0.17 Å. In the B/D site electron density maps revealed two P3/P2¢ ligand orientations related by non-crystallographic twofold axis coincident with the channel axis coupled with a shift by about 1 Å along the channel axis. The water molecule bound in the P3¢ pocket may influence the binding position of the two ligands in this site. This water molecule mediates an interaction between Ser-717 and the ligand. The analysis revealed that the binding interactions of T4Ac in the P3/P2¢ mode are weaker than those in the reverse mode or in the forward orientation found in the A/C site. Neither of the ligand molecules bound in the B/D site interacts directly with Lys-215 or Lys-615. However, Glu-654 is involved in interactions with the ligand carboxylic groups (T4Ac-328 O9...Glu-654 OE2). One possible explanation for such observation is that one of these carboxyl groups is protonated.
CONCLUSIONS
A refinement of the rTTR-T4Ac complex structure with data extended to 1.8 Å resolution is reported. Due to the lack of the twofold symmetry of the binding channel, the ligand-protein interactions were analyzed without the bias caused by the statistical disorder of the ligand observed in the human TTR complex. The T4Ac ligand revealed different orientations in both binding sites. The reverse binding of T4Ac, found in the A/C site, is unique among L-thyronine analogues. The analysis of interactions and electron density maps revealed that this is the most effective binding mode of T4Ac in TTR channel. The comparison of the refinement results for different resolution ranges revealed that the extension of the resolution by including the incomplete high resolution reflections shell has improved the structure quality, which is reflected in the R free index, whereas the R index is not sensitive to this extension. The comparison of both models revealed that, with the partial data included, the polypeptide chain in the core regions is not changed significantly. The model improvement was observed for the flexible regions of the protein with the weak electron density maps calculated from the complete 8-2.1 Å resolution data. Also the orientation of the ligand was not changed by the incomplete data. This indicates that even partial high resolution data are useful for improving the quality of the model, although the ligand position could be defined correctly with the use of the lower resolution data alone. 882 T. Muzio³ and others 2001
